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ABSTRACT:

Anthocyanins are a major group of
flavonoids that have been examined for various
medical and pharmacological applications. However,

very few studies have explored the potential of
anthocyanins for wound healing and regeneration. We
investigated if a crude anthocyanin extract (CAE) from
Ballatinao black rice (Oryza sativa L. tropical japonica)
can affect regeneration in planarians (Dugesia
hymanae). The planarians were transversely cut into
two equal parts and were exposed to different
concentrations of CAE. Our findings showed that 0.5
μg/ml and 5.0 μg/ml of CAE significantly shortened
regeneration time of missing anterior portions of cut
planarians by 7.7% (p<0.05). Additionally, 0.5 μg/ml
and 5.0 μg/ml of CAE shortened regeneration time of
missing posterior portions of cut planarians by 22.4%
and 31.3% (p<0.05), respectively. However, 50.0 μg/ml
CAE induced lesions in regenerating planarians and
was eventually shown to be lethal. Since CAE was able
to reduce regeneration time in planarians, CAE may
have a therapeutic application in hastening wound
healing.
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INTRODUCTION

W

ound healing and regeneration are two
important processes in repairing loss or
damaged tissues, organs and organ
systems1. Wound healing replaces missing cells
and damaged tissues (resulting from injury) which
may or may not be restored to their original state2.
On the other hand, regeneration regrows missing
organ parts, or whole organs, thereby restoring
anatomical structures to its original state3,4. These
two phenomena are intimately related, and it is
suggested that wound repair mechanisms underlie
the regeneration process4. In planarians, the gene
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activation program for regeneration triggered by
wounds is poorly understood5. It was observed
that the pluripotent adult stem cell called neoblast
is responsible for this outstanding regenerative
capacity6. Schmidtea mediterranea and Dugesia
japonica are two planarian species that served as
model organisms in planarian regeneration
research. Their remarkable feature to regenerate
makes them an attractive model and tool for
studying the molecular basis of regeneration,
wound healing and stem cell biology 6-10. In the

ISSN NO- 2230 – 7885
CODEN JPBSCT
NLM Title: J Pharm Biomed Sci.

Philippines, the endemic planarian species is
Dugesia hymanae11.
Numerous studies show that phytochemicals are
able to enhance wound healing such as those in
Jatropha curcas (Physic nut)12, Kigelia africana
(Nufutene) and Strophanthus hispidus (Naatwa)13,
and Galinsoga parviflora (Picão-branco), Petiveria
alliacea (Guiné), Schinus molle (Aroeirinha),
Waltheria douradinha (Douradinha) and Xanthium
cavanillesii (Carrapicho)14. A few studies on
anthocyanin
(a
major
phytochemical)
demonstrated an effect on wound healing and
regeneration15-17. One particular study showed that
the anthocyanin from black soybean seed coats
enhanced wound healing in fibroblasts and
keratinocytes, and prevented inflammation in
endothelial cells14.
Like black soybean, black rice also has a significant
amount of anthocyanins18-20. Previous studies
showed that anthocyanins have several health
benefits like the prevention of gastrointestinal
damage21, and the reduction of the risk of coronary
heart disease, reperfusion heart injury and
ischemia19. They also have antimutagenic and
anticancer properties22. There are two main types
of anthocyanins that can be found in black rice, the
pentose moiety (i.e. cyanidin-3-O-pentoside and
petunidin-3-O-pentoside) and the hexose moiety
(cyanidin-3-O-hexoside
and
peonidin-3-Ohexoside). The anthocyanin pentose moieties are
found in the entire pericarp of black rice while the
anthocyanin hexose moieties are usually found in
the dorsal pericarp22.
To our knowledge there is still no documented
study on the effect of anthocyanins from black rice
in wound healing and regeneration of planarians.
Therefore, we investigated whether crude
ethanolic extract of anthocyanin from Ballatinao
black rice (Oryza sativa L. tropical japonica) could
stimulate regeneration on Dugesia hymanae.

MATERIALS AND METHODS
MATERIALS
Ballatinao black rice was cultivated from Bontoc,
Mt. Province, and was acquired in Baguio City,
Benguet, both in the Cordillera Administrative
Region of the Philippines. The black rice (1.0 kg)
was soaked in 4.0 L of 60% ethanol with 0.1% HCl
for 6-8 hours with moderate shaking to extract the
anthocyanin. The black rice grains were filtered
out and the anthocyanin-rich filtrate were
concentrated using a rotary evaporator (Büchi
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Rotavapor R-200, Sigma-Aldrich, St.Louis, MO,
USA). The rotary-evaporated crude anthocyanin
solution from Ballatinao black rice was lyophilized
using a SpeedVac (Savant DNA Speed Vac ® DNA
110, Thermo Fisher Scientific, Waltman, MA, USA).
The lyophilized crude anthocyanin extract (CAE)
was stored in a dark bottle at -4°C. High, moderate
and low concentrations (i.e. 0.5, 5, and 50 μg/ml
respectively) of the CAE were prepared by
resuspending lyophilized CAE in artificial pond
water (150.07 μmol NaCl, 6.04 μmol KCl and
100.02 μmol CaCl2)23.
TEST ANIMALS
Planarians (Dugesia hymanae11) were obtained
from a free flowing stream at Bucal, Calamba City,
Laguna, Philippines (14°11'07.7"N 121°10'19.7"E).
Identity was verified by the Laboratory of
Molecular Developmental Biology, Department of
Biophysics, Graduate School of Science, Kyoto
University in Japan, and by available scientific
literature. All animals were acclimatized for a week
in the laboratory and fed every three days with
yolk from hard-boiled egg. The planarians were
divided into four groups (three experimental
groups and one control group) comprising of 15
planarians in each group.
REGENERATION ASSAY
Fifteen planarians were used per treatment. In
each treatment, the 15 planarians were
transversely cut at its midsection, and the anterior
portions and the posterior portions were placed in
separate containers containing either 0.0
(untreated/control), 0.5, 5.0, 50.0 μg/ml CAE
solutions. The amputated planarians in different
CAE solutions were allowed to regenerate under
ambient temperature and a 12-hour light-dark
cycle. For standardization, we established the
following regeneration criteria: (1) the end-point
of full regeneration of the anterior portion from a
cut posterior portion was the formation of
eyespots (i.e. head regeneration); and (2) the
endpoint of full regeneration of the posterior
portion from a cut anterior portion was formation
of a tapered (V-shaped) tail (i.e. tail regeneration).
Daily observations were made, and the different
time-points for eyespots and fully formed tails to
appear were recorded.
STATISTICAL ANALYSIS
The time it took for cut planarians to regenerate
eyespots and fully formed tails was used to
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compare experimental groups to the control group.
The observed difference from these groups was
assessed for significance using the independent Ttest (p<0.05) function of the OpenEpistatistical
software.

RESULTS AND DISCUSSION
LOW AND MODERATE CONCENTRATIONS OF
CAE REDUCES REGENERATION TIME
Regeneration of the amputated head from the cut
posterior portions of the planarians under
different CAE concentrations was considered
complete upon formation of eyespots (Fig. 1A). At
low (0.5 μg/ml) and moderate (5.0 μg/ml)
concentrations of CAE, eyespots formed on day 4 in
100% (15/15) of the newly regenerated head
portions, compared to only 67% (10/15) in the

untreated group (Fig. 1B). The remaining 33% of
the untreated group formed their eyespots on day
5. Thus, CAE concentrations of 0.5 and 5.0 μg/ml
reduced regeneration time of eyespots by 7.7%,
and this reduction time was statistically significant
(p<0.05) when compared to the untreated group.
Complete tail regeneration from the cut anterior
portions of the planarians under different CAE
concentrations occurred faster than the
regeneration of the head (Fig. 1A). In the untreated
group, 53.3% (8/15) of the planarians regenerated
their tails by day 4, while the remaining 46.7%
(7/15) regenerated their tails on day 5 (Fig. 1C).
CAE treatments of both 0.5 μg/ml and 5.0 μg/ml
significantly reduced regeneration time by 22.4%
and 31.4% respectively, relative to the untreated
group (p<0.05).

Figure 1. Regeneration rate of the transversely cut Dugesia hymanae exposed to Ballatinao black rice CAE. Under different
CAE concentrations, the rate of head regeneration (eyespot formation) from the cut posterior portions of planarians (A),
and the rate of tail formation from the cut anterior portions of planarians (B), were compared over time. (C) Before and
after sample images of regenerated planarians in different CAE treatments. Newly formed eyespots are indicated with red
arrows while the outline of fully formed tails is depicted by black broken lines. (nant=15 and npost=15; green gridlines = 1.0
mm x 1.0 mm).
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When comparing head and tail regeneration, there
was no significant difference in the time for heads
and the time for tails to regenerate in the untreated
groups (p<0.05). Moreover, in the presence of low
and moderate CAE concentrations, tails formed
significantly faster than the heads (p<0.05).
The regeneration process of lost body structures in
the planarian causes rapid mobilization and
concentration of neoblast to the wound site, and an
increased rate of cellular divisions at the exposed
wound24-29. This burst of localized cell divisions
consumes a lot of energy30-32 that gives rise to
elevated reactive oxygen species (ROS) levels33-35.
The presence of ROS in the planarian wound site
may retard cell divisions, as demonstrated in
recent publications36-38.
We propose two possible mechanisms of CAE
action during planarian regeneration. First, the
anthocyanin in CAE scavenges ROS and reduces
their levels at the wound site, thereby decreasing
the repressive effects of ROS to cell divisions,
which in turn translates to an increased
regeneration rate and a reduced regeneration time.
The antioxidant properties of anthocyanins are
well established39-43. Another possible mechanism
for the observed reduction time of planarian
regeneration in the presence of CAE may be
through the reduction of inflammation at the
wound site. Inflammation at the wound site slows
down wound repair (and hence, regeneration)1,4,4446. Previous studies determined that anthocyanins
inhibit pro-inflammatory cytokines (e.g. TNFα)13,44. Thus, the presence of CAE will increase the
rate of regeneration. It should be noted that these
two mechanisms by which CAE hastens
regeneration are not necessarily mutually
exclusive, and we even suggest that they may be
working synergistically.
To our knowledge, there is no published work
comparing rates between head and tail
regeneration. In our untreated groups, we

observed no difference in the regeneration of
heads and tails. However, in our CAE-treated
groups, we made a peculiar observation that there
was a distinct difference in the time it took for
regeneration between the heads and the tails. The
regeneration of the tails is significantly faster than
the regeneration of the heads. This may be due to
CAE having a greater impact on cell division than
on cell differentiation during regeneration. While
both head and tail regeneration require massive
cell divisions which may be hastened by CAE, cell
differentiation to form eyespots may not be aided
by CAE. This may explain why the appearance of
eyespots in the head is observed at a later time
than the completion of tail formation.
HIGH CONCENTRATION OF CAE IS LETHAL TO
THE PLANARIANS
Although some of the planarians reached complete
regeneration, albeit at a lower rate than the
untreated, all the planarians treated with 50 μg/ml
CAE eventually died (Fig. 1B and 1C). The
planarians also displayed signs of abnormal
regeneration of body parts, for example, the
regenerated planarian tails in 50 μg/ml CAE (Fig. 2,
right image) was less pigmented, thus more
transluscent, than the regenerated tails in the
control, and in the 0.5 and 5.0 μg/ml CAE
treatments (Fig. 1C). A remarkable outcome was
the appearance of multiple lesions on the body of
the planarians (Fig. 2). Lesions in planarians have
been documented in several previous studies, and
their occurrences have been explained by various
causes, ranging from increased apoptosis45 to
disturbances in tissue homeostasis46. Moreover,
lesions typically manifest prior to death of
planarians. Since the 50 μg/ml of CAE was lethal to
the planarians, we surmised that the observed
lesions were part of the normal dying process of
the planarians in this treatment.

Figure 2. High concentration (50 μg/ml) of CAE induced lesions during regeneration of planarians. Red arrows
point to the newly formed eyespots on the regnerated anterior portion of the planarian. Red arrowheads
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indicate the formed lesions. The black broken lines outline the newly formed tail extending from the anterior
portion of the planarian. (nant=15 and npost=15; green gridlines = 1.0 mm x 1.0 mm).

CONCLUSION
Anthocyanins are one of the most dominant groups
of plant pigments in nature. Their role as
antioxidants are well documented39-43 and has
been the basis for their use in several medical and
pharmacological applications49-51. We were able to
demonstrate that the CAE of Ballatinao black rice
hastens regeneration in amputated D. hymanae. As
far as we know, there is no published work
showing
that
anthocyanins
can
hasten
regeneration, thus our study adds to the growing
number of applications of anthocyanins. Since
wound healing is the major mechanism that drives
regeneration1,4, it is most likely possible that
Ballatinao black rice CAE may also speed up wound
healing. Previous studies have shown that other
anthocyanins can enhance wound healing14-16.
Establishing Ballatinao black rice CAE in promoting
regeneation would require further testing in other
animal models to check if similar results are
obtained. We would recommend using other
animal regeneration models as the next stage in
confirming the regenerative properties of CAE.
If positive results are generated, it would support
the need for more analyses to determine if the
specific anthocyanins in Ballatinao black rice are
enhancers of regeneration, and possibly wound
healing.
Wounds are always at risk of infection, and the
quicker the wounds can be repaired, the lesser the
chance for infection to occur. The active
components in Ballatinao black rice CAE, due to
their regenerative properties, may also have the
potential to quicken wound repair.
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